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WAVEGUIDE GAS LASER

Cheng Zedong

Chengdu College of Telecommunications Engineering
I. General Descriptions

Since the completion of the waveguide He-Ne laser in 1971 by P. W. Smith [1]
of the Bell Laboratories, considerable development [2-5] has been done on the
waveguide gas laser, especially the waveguide CO2 laser with very wide range of
frequency modulation. The waveguide CO2 laser is very useful in laser communi-
cations, laser radar, laser spectrum, and contamination examination and measure-

ment.

Figure 1 shows the principle of ordinary and waveguide lasers. In an ordinary
laser, light propagates between two reflective mirrors according to the propaga-
tion law of free space while in the waveguide laser, light propagates in the wave-
guide, which occupies only a part of the space between two reflective mirrors.
Thegefore, the theory of the resonance oscillation cavity of the ordinary laser

is not applicable to the waveguide laser.

The working media of the waveguide laser include gases, liquids, solids and

semiconductors. Hollow tube waveguides should be used for gés and liquid waveguide
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lasers, while solid waveguides are used in solid and semiconductor waveguide
lasers. The material used for the waveéuide may be a medium or a metal. The
waveguide gas laser with adoption of discharge excitation should use a hollow
tube metal waveguide. Among waveguide gas lasers, the hol.ow-tube light waveguide

is also a discharge capillary; therefore, the waveguide guides light waves and
contains discharge gas.
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Fig. 1. Principles of waveguide and (“ P ;
ordinary lasers: (a) Ordinary gas © ipist . o - :
laser; (b) Waveguide gas laser. P :
Key: (1) Concave mirror; (2) Plain o
- mirror; (3) Discharge tube; (4) Wave- i
guide tube used as discharge ‘tube. -+

One of the most fundamental structural characteristics of the waveguide gas
laser is the very small aperture diameter of the discharge tube. For example,
in an ordinary CO2 laser, the inner diameter of the discharge tube is approximately

5 to 15 mm, while the afecrture diameter of the discharge tube of a waveguide
. CO, laser is approximat.iy 0.5 to 3 mm [6].

Another fundamental structural characteristic of the waveguide gas laser is
that the reflective mirror should be properly arranged; i.e., the output of the

waveguide laser is closely related to the radius of curvature of the reflective

mirror and the distance from the reflective mirror to the inlet of the waveguide.
' 2
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The most important characteristic of the waveguide CO2 laser is its wide
range of frequency modulation; this is due to adopting & very small aperture
diameter of the discharge tube, so that the high allowable total gas pressure

causes very broad pressure intensity lines in the spectrum,

Another important characteristic of the waveguide gas laser is the good
directional stability of its output laser beam. This is because in the waveguide
gas laser, stability of the light beam direction is basically determined by
stability of the axial line of the waveguide. Unlike with the ordinary gas laser,
the stability of light beam direction is determined by the angle stability of the

reflective mirror in the resonance oscillation cavity.

Besides, compared with the ordinary gas laser, there are the advantages to
the waveguide laser that the requirement of adjustment accuracy of the mirror is
relatively low and the operation is relatively stable.

II. Transmission Loss of Hollow Tube Light Waveguide

First, an example is shown in Fig. 2 for a hollow tube waveguide with a circu-

lar cross section.
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Fig. 2. Hollow tube light wave-
guide with circular cross section.

,According to electromagnetic field theory, there are three modes of light
propagation in the hollow tube waveguide: TE [transverse electric] mode, TM [trans-

verse magnetic] mode, and EH [mixed] mode [7]. If we assume
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Here, a is the diameter of the waveguide, X is the wavelength in free space, y is
the propagation constant of light along direction z in a waveguide, and K == (.
\/;;;;=12./1 is the propagation constant of light in a vacuum. By solving
the Maxwell equation and utilizing the boundary conditions at the tube wall, the
field component equations of TEom’ TMom and EHnm can be obtained. From these
equations, distributions of the transverse-direction electric field of these modes j

with lower orders can be plotted, as shown in Fig. 3 [7].

Table 1. m-th order root of
the Bessel function J_ /e T "l

. 1- ’
.\\”’ J 2 3 + ™, r@ | 1

5hQ:016efa)
tle,

1 2.405 5.520 8.654 11.796

-(*fﬂo 3.832 7.016 -| 10.173 13.'324

3[¥\.—l 5.136 8.417 11.620 14,796

48R -2 6.380 9.761 13.015 16.223

o ‘ J\\:4 vte ’ 3
1
Key: = (*) Or. ~ Fig, 3. Hollow tube light waveguide
: with circular cross section.
Figure 3 shows that the waveguide modes of EH1m category are modes of linear
polarization.
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The factor eflrs—wn) in the field component equation describes the fact

that light propagates along the z direction. The propagation constant 7 = fem + iGem.
Here, B is the phase coefficient and anm is the attenuation coefficient. For an
ideal hollow tube straight waveguide, the attenuation coefficient of low-order

mode is

aue = Tnfr] = (42) L rets), ()

In the equation, u o is the m-th order root of the Bessel function Jn-l; Vn is
related to the material (with refractive index of V) of the non-metal medium tube

wall; and the relationship between Vn and V is determined by the type of waveguide

mode.

1 (*)

———, TEa. % "'0,
\/v’—-l ’ =9 »
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A+ 1 ¢y
i, EH.,. n=1),
2/ —1 _ E( b

(*)
s TMo B (n=0), (3)

Key: (*) Mode.

Under ordinary conditions, the refractive index V of the material of the

waveguide tube wall is a complex number; i.e., V=n-ik. n and k are determined,

respectively, by the dielectric constnat and electric conductivity of the non-metal

medium material.
From equations (2) and (3), we obtain the following:

1. GO (8,0 )?, values of u o are listed in Table 1. We can see from the
table thaF (among TEom’ TMom and EHnm) TEOI’ 'I‘M01 and EH11 are the lowest-order
modes, which are also the lowest-loss modes. With increasing orders of modes, the

attenuation coefficients increase accordingly.

2. OemC1?/a?, that is, the loss increases rapidly with decreasing aperture

diameter of the waveguide.
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3. @..%CRe(v,), for the case when V is a real number; in the case of glass
,:-«/2721, € and Co,are, respectively, the dielectric constants of the
medium and the vacuum. Figure 4 shows curves of varying o om with v according to
equations (2) and (3). As indicated in the figure, the loss of the TM01 mode is

the highest in all three lowest-order modes. As for the loss situation of TEO1

and EH11 modes, the losses are determined by the material used for the waveguide
{magnitude of V). When V>2,02, the loss of the TEO1 mode is the lowest. When
v<2.02, the loss of the EH11 mode is the lowest. The most ideal refractive index
of the medium for EH . mode transmission should be approximately /3.

11

For example, if boron-silicate glass with W1.5 is used as a hollow tube light
waveguide, the mode with the lowest loss in transmission is the EH11 mode. When

A=1 micron and 8=1 mm, substitute u11=2.405 in equation (2). It can be calcu%§ted

of a unit length is e 1

that a 0.213»10—5cm-1. Since the transmission loss L

117 T

or expressed in decibels (dB) as
Ly == 20log ¢*n == 8.686an [dB/cm], (4)

For this example, L;=1.85-10"> dB/cm=1.85 dB/kn.
Here, what we term loss is the so-called "leaking mode” loss [8], which is
not related to the loss tangent of the medium and does not include scattering loss
because of imperfection in surface. The "leaking mode™ loss- is caused by the
refractive index in the waveguide zone of the hollow tube {(non-metal medium) wave-
guide being smaller than the refractive index outside of the zone., Because accord-
ing to geometric opticé, at that time for light at the inner wall of the waveguide
emitted from the inside of waveguide, this is emission from an optically sparse
medium to an optically dense medium. Therefore, even the incidence forms a very
small grazing angle, and this will not become a total internal reflection., This
part of light leaking from the waveguide zone becomes the transmission loss of

the hollow tube waveguide discussed above,

When a hollow tube waveguide is not straight, the transmission loss will be

higher. Marcatili [7) discussed the situation of the curved.waveguide axis line
6
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with a radius R; he obtained

8un(R) = 0,p(00) + 422

Unm

X( o Relvaban(L, (5

In the equation, the first item anmcw) is the attenuation coefficient of the hollow
tube straight waveguide (R**) given in equation (2); the coefficient is proportional
to - #2,2Ya, The second item is the increase of attenuation coefficient caused
by the bent axis of the waveguide; the coefficient is proportional to a*/a%?.R%.

In equation (5), Re[VnVnm(V)] is the function .of the inclpded angle between the
refractive index V and the polarization direction of the bent surface (of the wave-
guide axis) and the propagated radiation field. From equation (5), it can be
derived that when the attenuation coefficientAis doubled (the coefficient in

straight waveguide) with twice the bent radius as shown in the following equation,

2”\ z LRt (). (6)

~/3 tom’

Ro =

0.1+

s

Fig. 4. Relationship between attenuation
coefficient and refractive index.
Key: (*) (m-1).




For a hollow tube glass (v=1.5) waveguide with »=1 micron and a=1 mm, with

the lowest loss EH11 mode, o;,=1.85 dB/km. The radius of curvature Ro is approx-
imately equal to 10 km with double loss; therefore, the transmission loss of this

type of hollow tube light waveguide is quite sensitive to a bent waveguide,

Compared with hollow tube non-metal medium light waveguide, the transmission
loss of a hollow tube metal light waveguide is considerably smaller and not so
sensitive té the effect of a bent waveguide, because in the light frequency range,
the dielectric constant of metal is considerably greater than that of a medium.

As shown in Fig. 4, the lowest loss mode is the TE ., mode for transmission in a

01
hollow tube metal waveguide; the loss is considerably smaller than the loss in

the EH11 mode of a hollow tube medium waveguide. By taking aluminum as an example,
when A=1 micron and a=1 mm, the transmission loss of the TEO1 mode is only 0,028
dB/km. When A=1 micron and a=(0.25 mm, the transmission loss is 1.8 dB/km. At
that time, the radius of curvature R0 with doubling loss is approximately 48
meters; that is, the effect on transmission loss by a bent waveguide is relatively
small. The reason for decreasing R0 is due to decreasing a ig equation (6) and

(TE

a greater u mode) .

11

(TE01 mode) than u o1

01
The hollow tube metal light waveguide may be useful in the light pump infrared

waveguide gas laser because no discharge is required for excitation.

Although there .is "leaking mode' loss in the hollow pipe light waveguide,
yet only with proper selection of waveguide material and good optical processing

on the inner surface of the waveguide, can the transmission loss of the waveguide

S e s a

be considerably smaller than the increment of the laser. This will not affect

the operation of the waveguide laser to a great extent.

.

For the 10,6 micron wave band, ordinary materials, such as BeO, A1203 and

SiO2 (melted quartz), are materials with losses; that is, the refractive index

7’

is a complex number. Abrams [3] calculated Re(\ﬁ) by using data in two cases

of E//c and EJ_c with BeO and A1203 monocrystal material, as shown in Fig. 5.

Abrams ‘considered that the loss of polycrystal material should be a value between

these two cases, then he derived the estimated loss values of these non-metal

8




medium waveguides. For a tube with d=1 nnp,
! 4.3x107° (em)™} (for Be0),
*1.8x107% (em) ™t (for si0,).

a:

In Fig. 5, losses of A1203 and SiO2 are not much different; however, the
loss of BeO is less than one-tenth of other materials for transmission through
a 10.6-micron-frequency waveguide. Hall [6] conducted experimental measurements

on transmission losses of three (medium) materials, BeO, A1203 and pyrex glass.

He proved the proportional relationship between all and 1/a3 and conjectured that
loss of BeD is considerably smaller than for other materials. The loss values

of giass and A1203 were me35ured to be 2 to 3 times greater than that conjectured;
this can be explained by the fact that the waveguide used in experiments was

not straight and did not have a sufficiently smooth surface, and especially it
was not suffiéiently clean (foreign micro-particles) inside the waveguide. Hall
concluded that if only in the aspect of waveguide loss, for a hollow pipe light
waveguide with diameter greater than 1.5 mm, the waveguide can be used, then even

the losses for A1203 and glass are more than 10 times greater than for BeO.

()

Re(v.),EH# @&

1000 1100 1200 1300 1400

Fig. 5. Relationship between frequency
and Re(\h) of BeO, AIZO3 and Si02.

Key: (a) Microns; (b) Melting; (c) Mode.
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I1XI. Coupling Loss

In a waveguide gas laser, the mirrors and the waveguide are separated.
Therefore, as light radiates into the free space from an opening of the waveguide,
light then reenters the waveguide. At that time, there is coupling loss, loss
without a complete effective coupling. This coupling loss can be divided into two

parts:

1. After departing from the opening of the waveguide, the light field expands.
After reflection from the reflective mirror, a part of the light does not enter

the dpening of the waveguide again.

2. One part of the energy re-entering the opening of the waveguide converts

to an high-order mode (that is, not all energy enters the EH,. mode).

11
The problem interesting to the author is how to properly arrange the mirrors

in a waveguide laser. .By such arrangement, the coupling loss from EH11 is minimum,

Abrams [9] applied a simplification hypothesis and derived through analysis the

relationship between the coupling loss of the EH . mode on one hand, and the radius

11
of curvature R of the mirror and the distance z from the mirror to the opening
of the waveguide on the other. The relationship is plotted in Fig. 6. In the
figure, b is given by definition as the conjugate foci parameter'of the "approx-
imate'" gaussian beam. o

s - b= i/, )
Here W, is the radius of the light beam at the opening of the waveguide with the

maximum value of field-oscillation amplitude as 1/e value point. wo=0.6435a [9].

For waveguide lasers with a certain wavelength and aperture diameter a, b
is a constant, For example, for 2=10.6 microns, when a=0.75 mm, b=6.9 cm; when

a=0.,5 mm, b=3.1 cm.

Generally speaking, there are three cavity structures with low coupling loss

(<2 percent) for the EH,, mode, as follows:

11
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1. For plain mirrors very close to the opening of the waveguide (z/b<0.1
and R/bw). '

2. For a concave mirror with its center of large radius of curvature approx-
imately at the opening of the waveguide (43R>8b).

3. For a concave mirror with its focus at the opening of the waveguide (z=b,
R=2b).

100

RARECE)

~
*
~—

Fig. 6. Relationship between coupling
loss of EH.. mode and the distance z/b
of normali%éd mirrors.,

Key: (*) Coupling loss.,

By utilizing the "approxiﬁate" gaussian light beam, a qualitative explana-
tion can be made for the above-mentioned low coupling loss cavity structure because
the radius of curvature of the local wave front at a distance z from the opening
of the wa&eguide is

R = b(z/b + b/3), (8)

When the mirror surface matches with tne wave front which contacts the mirror,
the wave front may return to its original shape; therefore, the coupling is effec-
tive. In the vicinity of the opening of the waveguide, the wave front is relatively

11
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flat; therefore, a plain mirror has a relatively high coupling efficiency. When

z increases, due to its divergence, coupling loss is increased with accompanying
L=57(2/8)% % (2/650.4), 9

When z is quite large, the wave front becomes an arc; in this case, by using a

concave mirror with appropriate radius of curvature, coupling of very small losses

can be obtained.

From the relationship between coupling loss and z in Fig. 6, we can estimate
the relationship between z and output power P of the waveguide gas laser, as shown
in Fig. 7. For a plain mirror, P simple-harmonically decreases with increasing z.

For a concave mirror and R<2b, a peak value of P will appear with variation of z.
However, when R22b, two peak values of P will appear with variation of z. Experi- v

ments proved the above-mentioned estimates.,

r ™

REW RS2 % R>24"°

2 » ‘ f
Fig. 7. Relationship between z

and output power P.
Key: (*) Plain mirror,

In the three above-mentioned cavity structures, plain mirrors are constantly

used. If other elements have to be placed in the cavity, we can use the structure

with R=2b and z=b. If there is no limitation on the overall length, very small

BN

coupling loss can be obtained in the second type of cavity structure,

~

12
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IV. Output Power

As with an ordinary CO2 laser, output power can be calculated by use of the

uniform widening equation [18], as the following

P 1.45/511[201: 1n(r:"z)_'_*_] , (10)
(Vr + V) =)

In the equation, A is the area of effective light beam; t2 is the transmissivity

of the output lens; £ is the length of discharge; and r, and r, are reflectivities

of the two reflecting mirrors, and for a waveguide gas laser, r, and r, are the

g reflectivities of the reflecting mirrors after allowing for deducting waveguide

transmission losses and coupling losses 1 .
As indicated by equation (10), Pocl,go As proved by theory and experiments,

the saturated light intensity l,ocp? ; however, the small increment of

signal g, at the center of spectral lines decreases with increasing gas pressure p. .

There is the best pressure intensity of gas filled Popt’ causing the maximum

output power, as shown in Fig. 8.

Bolp

Fig, 8. Principle of relationship
between output power and gas-filling
pressure intensity.
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If all losses of waveguide lasers are neglected, the output power [3, 5]
is
P == Al.gd,

or

P/l = Al.g. (11)

According to the law of equal ratio {3] similar to discharge, in the situa-

tion of the best gas filling condition and the best discharge current, g, is
not related to discharge tube diameter (the waveguide aperture diameter 2a);

L°C€%; However, A=ﬂa2, P/% is not related to a. This means that it is
impossible to use a small aperture diameter of the waveguide to raise the output
power obtained by a unit length of the waveguide laser. For example, at present
we can obtain a maximum of 0.41 watt/cm [5] for a waveguide CO2 laser, This
figure is more or less equal to 40-50 watts per meter as obtained by an ordinary
CO2 laser,

V. Width of ‘Oscillation Belt

In the case of uniform widening, the frequency deflection [11] for a laser 1

to terminate oscillation is

Y] S Y R
Jve ~ o) 2[ln(r|r1)-"‘ 1]. (12)

14




In the equation, Vc is the frequency at which the oscillation decreases to zero;
Vo is the frequency at the center of the spectral lines; and Av is the increasing
width of pressure intensity. Therefore, the width of the total oscillation belt

S Ave = 2l — s,

As measured from Abrams' [12] experiments, AV is proportional to the gas-
filling pressure intensity, and is related to mixture ratio and gas temperature.
For gas mixing in a typical waveguide CO2 laser, under working temperatures, the

widening ratio is 4.5 megahertz/bar [4].

As indicated by equation (12), Awv.. <Ay, As Av increases proportionally
with gas-filling pressure intensity p, and g, decreases with increasing p, there
is the best gas-filling pressure intepsity pépt for the maximum width of the
oscillation belt. It can be proved [11] that the best gas-filling pressure inten-
sity pépt to attain the maximum width of the oscillation belt.for the waveguide

CO2 laser can also maximize the output power.

Under the best gas-filling condition and the best discharge current situation,
g, is not related to popt; however, AV increases proportionally with popt' There-
fore,A\)osc also proportionally increases with popt’ that is inversely proportional

to the magnitude of-the aperture diameteg'of the discharge tube.

From the above mentioned, a relatively small aperture diameter a of the dis-

charge tube should be édopted in order to obtain a wide oscillation belt.

Abrams [4] used a waveguide CO2 laser made of BeO waveguide tube with a=1 mm
and #8.5 cm; the gas-filling pressure intensity is 260 bars, r1=0.99 and r2=0.97.
From calculation, he derived Aw1170 megahertz. By using go=0.005 (cm)'l, Abrams
calculated that 2|w.— i =1285 megahertz. From experiments, at 1.2 kilomega-

hertz the measurements match the calculation.

According to equatioﬁ (12),.AvOSC increases with increasing increment length

of the waveguide COZ laser and decrease of total loss (through r

15

1 and rz).
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However, in order to have continuous frequency modulation in the entire width

of the oscillation band, the increase of £ has an upperllimit, because there will
be a second longitudinal mode oscillation if the cavity length LC is greater than
c/2AVosc (c is the speed of light). In order to overcome this limitation by using
a greater increment length £, a longitudinal-mode selection technique should be
adopted [13].

VI, Structﬁre of Waveguide CO2 Laser

In a waveguide CO2 laser, the discharge tube containing gas discharge is
also the light waveguide tube. Therefore, the structure of the discharge tube
should be considered not only electrically but also optically. Besides, cooling
of the working gas in the waveguide C02 laser.is an important problem [14] because
under the best gas-filling condition and the best discharge current situation,
the input electric power for a unit length of waveguide tube and the difference
between the gas temperature (at the tube axis) and the temperature (on the inner
wall) are not related to the discharge tube aperture diameter 2a. However, as a
cooling surface, the lateral surface of the waveguide tube deéreases proportionally
with a. Therefore, the smaller the aperture diameter of the waveguide, the
greater is the heat transmitted through a unit cooling surface; thus, the require-
ments of cooling method and heat conduction property of the waveguide material

are higher.
The temperature difference ATw between inner and outer walls of circular and
rectangular cross-section waveguide tubes can be, respectively, calculated by using

the following equations:

For a circular hole [14],

T, ~ Lo Ry
AT, = —2
hlk-hkg’ . (13) :

In the equation, Pin is the power produced by discharge in 21 waveguide tube; 2 is
the length of the waveguide; kw is the heat conductivity o: the waveguide material;

and Ro-and Ri are outer and inner diameters of the waveguide tube.

16
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For a rectangular hole:

AT' zalk' ] ( )

In the equation, dimensions a and b are shown in Fig. 9.

- Fig. 9. Cross section of ceramic
rectangular-shaped hollow waveguide.
Key: (1) Ceramic; (2) Waveguide hole;
(3) Copper or aluminum base,

As indicated by the ATw equation, the higher the heat conductivity of the
waveguide material and the thinner the waveguide wall, the smaller is the tempera-

ture difference between inner and outer walls of the waveguide. Table 2 lists

heat conduction properties of several. types of ordinary waveguide materials. Since

the value of heat conductivity is related to material purity and its denseness,

data in the table are only for reference. However, BeO is the best material from

the aspect of a working gas of a cooling waveguide CO2 laser,

Table 2, Heat conduction properties
of common materials,

(1) ## (2) MERCE/MR-D - B) :
BeO 5.24% 10~
BN ~1% 10"
- A0, S.4%10~

Key: (1) Materials; (2) Heat conductivity
(calorie/cm.sec-degree).

17
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No matter what the aspect of waveguide transmission loss, or the aspect of

cooling of discharge tube, the smaller the aperture diameter of a waveguide CO2
laser, the greater the need to use BeO ceramic as the material of the waveguide
medium, Since it is required to have a sery wide oscillation belt (of a waveguide
CO2 laser), the aperture diameter of th. discharge tube should be very small.
Therefore, in this type of waveguide CG, laser, BeO should be used as waveguide
notwithstanding shortcomings (of BeO) i; terms of toxicity, brittleness and less
compactness, However, for a waveguide CO2 laser not requiring a very wide oscilla-
tion belt, the aperture diameter of the waveguide can (and should) be made larger.
Thus, Al1,0_ or 6rdinary boron-silicate glass type materials can be used to make

273
the waveguide tube.

In the following, several structures gre'reported.

Figure 10 shows an easily-made glass waveguide CO, laser [16] used in experi-

2
ments. Both terminals of the discharge tube are processed with acetal resin to

compose a dismantlable structure. In addition, an O-type sealing ring is used

for cssembly into the laser tube. Therefore, this structure is convenient to inter-

change and rémodel.

Fig. 10, Assembled-type glass waveguide

CO2 laser.

Key: (1) Gold-coated mirror; (2) Tungste
anode; (3) Inlet of cooling water; (4) Qutlet
of cooling water; (5) Germanium lens; (6) Gas
inflow; (7) O-shaped sealing ring; (8) Gas
outflow; (9) 2 cm; (10) 15 cm.
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Figure 11 also shows a waveguide CO2 laser [17] made of glass. The laser
adopts dual discharge, and NaCl is used as the window plate of the discharge tube.

The optical resonance oscillation cavity is composed of a diffraction light grating
(with 150 lines per millimeter) and a gold-coated concave lens which is fixed on
piezo-ceramic. By rotating the light grating, laser skip can be selected. The
oscillation frequency in increment lines is adjusted by slightly changing the

cavity length through the piezoelectric ceramic. At L=26.5 cm, it was observed

that the modulation range was over 570 megahertz. When a plain lens is used to

substitute the concave lens, the cavity length Lc can be shortened to 21.5 cm and

the modulation range can exceed 700 megahertz.

(l)miz.csmk
" (3) ~
Wit 4 5
""""" H
n-nf;ﬁk """"""""""""
o~ wk 2054k

Fig. 11. Glass waveguide CO, laser with modulable frequency.
Key: (1) Cavity length at 2765 cm; (2) Output light; (3)

Gas inflow; (4) High pressure; (5} Gas outflow; (6) R=12 cm;
(7) Tube length at 20.5-cm; (8) 150 lines per millimeter.

Figure 12 shows a square waveguide CO2 laser [3] composed of two stepped and
polished Al1,0, plates of ceramic. Three holes were opened in one of the A1203
ceramic plates; the middle hole sealed with a metal tube is used as cathode and

exhuast gas tube. At two sides, the two holes sealed with needle-shaped electrodes

are used as anode.

The structure [13] shown in Fig., 13 used a 99.5 percent purity BeO rod (12.9
cm) to drill a 2.25-cm diameter holelas-the waveguide tube. Cooling of the laser
uses insulated flowing fluorocarbon liquid. This laser produces the highest unit

length output at 410 milliwatts per centimeter. The use of invar shell and
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piezoelectric ceramic can lead to modulable output with steady frequency. Adjust-

ment of the angle of the reflective mirror utilizes the easy deformability of

invar with four adjusting screws.

Fig. 12. Al.0_, ceramic square
waveguide CO; “laser.

Key: (1) Afger assembly, the
gap is a square hole with 1.5
mm sides; (2) Cathode and
exhaust gas tube; (3" Cathode;
(4) Laser reflective mirror;

(1) (!Qﬂiﬂ‘k

Fig. 13. BeO circular waveguide CO laser
with adjustable frequency.
Key: (1) Exit of cooling agent; (2) Invar

shell; (3) Anode; (4) Cathode; (5) Output

lens; (6) Adjustment of reflective mirror;
(7) Spring plate; (8) BeO waveguide; (9)

Inlet of cooling agent.
(5) 7.5 cm, '

The structure shown in Fig. 14 is an 1-mm square waveguide composed of four
plates of BeO [4]; the working gas in the waveguide is cooled with a BeQ ceramic
plate using a water-cooling type heat sink. The output of the laser is coupled out

- from zero-level reflection of an 150-line-per-millimeter diffraction light grating.

The function of the selector of the initial sﬁectral lines of the light grating

causes oscillation in the linear polarized mode.

éﬁ%w ;0
(1 wm (5)
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! Fig, i4 BeO square waveguide CO laser with
4 ' adjustable frequency,.
2
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Key [of Fig. 14 on the preceding page]:
(1) Adjusting screw; (2) Laser output;
(3) Light grating; (4) Electrode; (5)
Detailed diagram of BeO waveguide; (6)
Dismantlable flange; (7) Water cooling
type heat sink; (8} Input of BIMORPH
voltage.
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